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SF3B1 MT patients compared with 40% among those with WT.5

Recent data from a phase 2 clinical study with imetelstat suggest
potential preferential and disease modifying activity among small
number of SF3B1 MT patients.6

We reclassified our patients based on IWG SF3B1 new proposal
criteria.1 Notably, 175 patients were classified as MDS-SF3B1 by
the new proposed criteria, 145 patients with SF3B1MT not meet-
ing the new proposed criteria, and 1412 SF3B1WTMDS patients
(Table 1). The median OS was 120 months (95% CI, 77-164
months), 55 months (95% CI, 42-69 months), and 31.5 months
(95% CI, 28-35 months), respectively (P , .005; Figure 1C). The
median leukemia-free survival was not reached among all SF3B1
MTpatients compared with 58months among SF3B1WTpatients
(P , .005) (Figure 1D). The rate of AML transformation was 4.7%,
22%, and 38%, respectively (P , .005). t-MDS was observed in
10%, 9%, and 17% of the 3 above-mentioned groups. Excluding
t-MDS, the median OS was 142, 57, and 36 months, respectively
(P, .005). There was no difference in response rates to erythroid
stimulating agents, hypomethylating agents, and lenalidomide
between patients classified as SF3B1 by IWG new criteria com-
pared with other SF3B1 MT MDS.

In summary, we confirm and validate the findings reported
recently by Malcovati et al that SF3B1 MT MDS should be classi-
fied as a unique disease entity based on the new proposal criteria.
Furthermore, we demonstrate that SF3B1 MT retained favorable
prognostic value in the context of t-MDS and worse outcome
among patients with isolated del(5q), and we compliment the
IWG findings by reporting responses to current available therapies
based on SF3B1 MT status.
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The ChAdOx1 nCoV-19 is a recombinant chimpanzee adenoviral
vector vaccine encoding the spike glycoprotein of severe acute
respiratory syndrome coronavirus 2, which has a good efficacy
rate and safety profile.1 Over the past 2 months, concern has
been raised over reported thrombotic events associated with
thrombocytopenia after ChAdOx1 nCoV-19 vaccination, a compli-
cation called vaccine-induced immune thrombotic thrombocyto-
penia (VITT).2–6 The pathophysiology of VITT is still unclear but
seems to be similar to spontaneous autoimmune heparin-
induced thrombocytopenia (aHIT).2,7 In fact, as in aHIT, VITT
patients develop platelet factor-4 (PF4) antibodies without any
recent exposure to heparin. These antibodies are able to activate
platelets and induce procoagulant platelet phenotype via cross-
linking the Fc g receptor IIA on platelet surface. IV immunoglobu-
lin (IVIG) has been successfully used in the treatment of
spontaneous aHIT.8,9 We and others have recently shown that
IVIG inhibits the in vitro induction of procoagulant platelet
phenotype by sera from VITT patients.2,7 Herein, we report our
clinical experience on the use of IVIG in the management of

VITT and present novel laboratory analysis of the effect of IVIG
therapy on anti-PF4 antibody level and platelet activation in
VITT patients.

The study cohort consisted of patients who were admitted to our
hospitals between February 1 and May 5, 2021 with suspected
VITT due to neurological or hematological symptoms after first
immunization with ChAdOx1 nCoV-19 (Vaxzevria; AstraZeneca,
London, United Kingdom). The diagnosis of VITT was serologically
confirmed according to the recommendations of the International
Society on Thrombosis and Haemostasis Scientific and Standard-
ization Subcommittee on Platelet Immunology,10 using an immu-
noglobulin G (IgG)-enzyme immune assay (EIA) to detect IgG
antibodies against PF4 (Hyphen Biomed, Neuville-sur-Oise,
France). The ability of the sera to activate platelets was tested
using a modified heparin-induced platelet aggregation assay as
previously described.7 Sera-induced procoagulant platelets were
analyzed using flow cytometer as previously described.11 For
more details, see the supplemental material, available on the
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Figure 1. Individual course of the platelet counts and therapies. Five cases (A-E) of VITT after severe acute respiratory syndrome coronavirus 2 vaccination were iden-
tified. Patients were treated with nonheparin anticoagulation (argatroban, green blocks; danaparoid, lavender blocks; direct oral anticoagulants, orange blocks) combined
with IVIG. Patients receiving therapeutic anticoagulation with platelet counts below 50 3 109/L (dashed line) were considered to be at enhanced risk for major hemorrhage.
CSVT, cerebral sinus vein thrombosis; DVT, deep vein thrombosis; PE, pulmonary embolism; PLT, platelet.
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BloodWeb site. The study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved by the
Institutional Review Board of the University of Tuebingen (236/
2021BO1). We used GraphPad Prism, version 7.0 (GraphPad, La
Jolla, CA) for statistical analysis. A value of P, .05 was accepted
as statistically significant.

Five patients (3 females) with a median age of 47 years (range, 20-
57) were included in this study. The duration between vaccination
and hospital admission was 7 to 9 days. All patients had severe
thrombocytopenia (41.269.73109/L; range, 10-60; Figure 1A-
E) and increased D-dimer (9 mg/mL or higher; range, 9-54). At
admission, several thrombotic events, including cerebral venous
sinus thrombosis (CVST; 4 patients, cases 1-3 and 5), pulmonary
embolism (2 patients, cases 4 and 5), and deep vein thrombosis
(case 4), were detected. Detailed case descriptions and patient
characteristics are given in the supplemental methods and in
supplemental Table 1A. VITT diagnosis was confirmed by
detecting anti-PF4 IgG antibodies in EIA (optical density [OD]
2.9860.23; range, 2.07-3.36), platelet activation in the modi-
fied heparin-induced platelet aggregation assay (median time
to platelet aggregation, 5 minutes; range, 5-5 minutes ),
and formation of procoagulant platelets (CD62p/PS1 platelets
mean: 4567; range, 23-66). Laboratory investigations at
admission and after IVIG therapy are presented in supplemental
Table 1B.

All patients received parenteral anticoagulation with argatroban
(n5 4) or danaparoid (n51), and 1 patient (case 5) initially
received apixaban. Two patients (cases 3 and 5 on a prophylactic
dose of argatroban and apixapan, respectively) developed a new
thromboembolic complication at day 4 and 3 of hospitalization
(before IVIG administration), respectively. Anticoagulation was
continued in these patients with argatroban in a therapeutic dos-
age (Figure 1C,E).

IVIG was administered at a dose of 1 g/kg body weight for 2 to 5
days. Median of total IVIG dose was 140 g (range, 95-600 g).
Absolute platelet increment was 32.6617.13109/L within 48
hours (P vs baseline, .12) and 94.2623.33109/L within 72 hours
after IVIG (P vs baseline, .01; Figure 2A). A complete platelet
response (platelet count$1003 109/L) was achieved in 4 patients

within 96 hours. One patient had a platelet response (platelet
count $303109/L and at least twofold increase the baseline
count) within 72 hours after IVIG therapy. From a clinical perspec-
tive, increasing the platelet count is important in thrombocytope-
nic patients requiring therapeutic anticoagulation. This is most
critical when thrombosis occurs at unusual sites, such as CVST,
because of the increased mortality risk due to hemorrhagic trans-
formation after an arterial stroke or CVST. In our cohort, 1 patient
(case 1) suffering from VITT-associated CVST had postthrombotic
hemorrhage during the thrombocytopenic period, prior to receiv-
ing IVIG.

Successful use of IVIG in the treatment of aHIT has been
reported.8,9,12 Mainly because of similarities between aHIT and
VITT, recent societal guidelines recommend the use of IVIG in
VITTwith the assumption that IVIG couldmitigate the platelet acti-
vation induced by anti-PF4 antibodies and thus reduce the plate-
let consumption and the development of new thrombosis.10,13,14

However, concerns of increased new thrombotic events limit its
use.15 Serial D-dimer levels were available from 3 cases, and all
of them showed a decreasewithin 72 hours after IVIG therapy (Fig-
ure 1). We observed progression of CVST in 1 patient (case 5).
Other patients receiving nonheparin anticoagulation at therapeu-
tic doses combined by IVIG did not develop new thrombosis, indi-
cating sufficient antithrombotic efficacy. Similarly, Thaler et al
successfully used IVIG (1 g/kg for 2 consecutive days) and argatro-
ban in a patient with VITT.16 Tiede et al reported a positive platelet
response in 3 VITT patients after IVIG therapy (1 g/kg for 2 consec-
utive days).5 However, 2 patients developed new thromboem-
bolic events (extensive splanchnic vein thrombosis and popliteal
artery occlusion).5 New thromboembolic events are common in
patients with VITT.5-7 Therefore, clinicians should pay attention
to dynamic changes in clinical as well as laboratory parameters
and exercise extra vigilance in VITT patients in order to detect
new thromboembolic events in a timely manner.

To assess the mechanism by which high-dose IVIG downregulates
hypercoagulability in VITT, we analyzed the ability of VITT
patients’ sera to generate procoagulant platelets before and after
IVIG therapy. The reactivity in PF4 EIA did not change significantly
after IVIG administration (n54, 3.2160.06 OD vs 3.1860.08
OD; P: .798; supplemental Table 1B). On the other hand, the
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Figure 2. Effect of IVIG therapy on PLT count and procoagulant platelets. Platelet count increment (A) and procoagulant platelets after IVIG therapy (B-C).
Procoagulant platelets (CD62P/Phosphatidylserine [PS]1) were analyzed in patients before and after IVIG therapy via Annexin V-FITC and CD62p-APC antibody staining.
Where indicated, PLTs were pretreated with PF4 (C). Data are presented as fold increase compared with healthy control. ns, not significant. *P , .05. The number of
sera tested is reported in each graphic.
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ability of the sera from VITT patients to induce procoagulant pla-
telets reduced after IVIG therapy in 3 cases in the absence and in 2
out of 4 cases in the presence of PF4 (Figure 2B-C; supplemental
Table 1B). Noteworthy, diluted sera showed specific platelet
activation only in the presence of PF4 (supplemental Figure
1A-D). These data suggest that IVIG interferes with the patho-
genic anti-PF4 antibodies by competing with them to bind to
Fc g receptor IIA receptors, which might be in vivo associated
with reductions in platelet activation and disseminated intravas-
cular coagulation. The later ones are confirmed in our study by
the rapid response in platelet count and decrease in D-dimer
levels.7,9 However, the effect of IVIG on other cells cannot be
ruled out as another explanation for the observed therapeutic
benefit.

In summary, we showed that high-dose IVIG inhibits antibody-
mediated procoagulant platelet generation, rapidly increases
the platelet count, and finally, deescalates the hypercoagulable
state in VITT. Adjunct use of IVIG can be recommended as a ther-
apeutic option to prevent disease progression.
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TO THE EDITOR:

Immune thrombocytopenic purpura after vaccination with
COVID-19 vaccine (ChAdOx1 nCov-19)
Finn-Ole Paulsen,1,* Christoph Schaefers,1,* Florian Langer,1 Christian Frenzel,1 Ulrich Wenzel,2 Felicitas E. Hengel,2 Carsten Bokemeyer,1

and Christoph Seidel1

1Division of Pneumology, Department of Oncology, Hematology, and Bone Marrow Transplantation, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany; and 2Department of Medicine, University Hospital Hamburg-Eppendorf, Hamburg, Germany

Coronavirus disease 2019 (COVID-19) is an ongoing pandemic
caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).1 Newly developed vaccines are powerful tools for
interrupting the ongoing dissemination of SARS-CoV-2. Because
the first vaccines were approved for clinical use within a short
period of time, the available data on adverse effects in relation
to vaccination for SARS-CoV-2 are still limited.2 One available vac-
cine is the adenovirus vector–based ChAdOx1 nCov-19 (also
known as AZD122) from AstraZeneca.3,4 As this vaccine is consid-
ered to be safe,2-4 a new condition named vaccine-induced
immune thrombotic thrombocytopenia (VITT) syndrome was
reported in relation to previous administration of ChAdOx1
nCov-195–7 and Ad26.COV2.S (Janssen Pharmaceuticals).8

VITT is associated with thrombocytopenia accompanied by
thrombosis and antibodies against platelet factor 4 (PF4) in the
serum, but it differs from postvaccination immune thrombocyto-
penic purpura (ITP), a phenomenon associated with both live
and inactivated vaccines.9-11 To our knowledge, however, ITP
has not yet been described as being associated with administra-
tion of ChAdOx1 nCov-19 vaccine. Here, we report our findings
in a cohort of 4 patients who presented with severe thrombocyto-
penia in the absence of thrombosis a short time after receiving a
ChAdOx1 nCoV-19 adenoviral vector vaccine at our (single-cen-
ter) institution.

We conducted retrospective and prospective analyses of patients
who received treatment in our institution for ITP associated with
ChAdOx1 nCoV19 vaccination within a 19-day period in May
2021. We evaluated patients’ records and confirmed the diagno-
sis of ITP. Patients’ demographic and clinical characteristics are
presented in Table 1. Detailed case descriptions are provided in
the supplemental information (available on the Blood Web site).
Informed consent was provided by each patient, andmonocentric
data acquisition was in line with local requirements according to
the Hamburg Hospital Act (HmbKHG) §12 and in accordance
with the Declaration of Helsinki.

The patients were White women and men between 64 and 72
years of age from Germany. They presented 2 to 15 days after
receiving the first dose of ChAdOx1 nCov-19 with severe symp-
tomatic thrombocytopenia of #6 3 109/L cells. Patients 1 and 2

had a medical history of thyroid disorders (autoimmune thyroiditis
and latent autoimmune hypothyroidism, respectively), patient 3
was previously diagnosed with minor thrombocytopenia (�60 3

109/L), and patient 4 reported preexisting conditions, including
chronic obstructive pulmonary disease and arterial hypertension.
Initial symptoms included petechiae (patients 1, 3, and 4), hema-
tomas (patient 1), headaches (patient 2), hyposphagma (patient 3),
and epistaxis (patient 4). All patients reported that prior vaccina-
tions against seasonal influenza (all patients), pneumococcus,
and rubella (patients 2 and 3) were well tolerated. At admission,
all patients were SARS-CoV2 negative according to a polymerase
chain reaction test. In addition, patient 2 had a serologic test that
was positive for SARS-CoV-2 spike receptor-binding domain and
SARS-CoV-2 spike trimer immunoglobulin G (IgG) or IgM antibod-
ies and negative for SARS-CoV2 nucleocapsid IgG or IgM anti-
bodies (Elecsys Anti-SARS-CoV2, electrochemiluminescence
immunoassay [ECLIA], Roche), indicating active immune response
after vaccination.

The patients did not present with signs or symptoms of throm-
botic events, and no antibodies to PF4-polyanion complexes
were detected in enzyme-linked immunosorbent assay (Asserach-
rom HPIA-IgG, Stago), so the patients discussed were not associ-
ated with VITT. In addition, a magnetic resonance imaging scan
was conducted in patient 2 to rule out intracranial bleeding and
cerebral vein or sinus thrombosis because she presented with
headaches. A bone marrow biopsy from patient 2 revealed an
increased megakaryocyte count with no signs of malignancy. No
clinical signs or symptoms of infection were present in any of
the patients. On the basis of presentation and after ruling out dif-
ferential diagnoses, ITP was diagnosed in all 4 patients.12

The patients received corticosteroids (prednisolone 100 mg/day;
initial bolus of 250 mg in patient 1) as initial treatment (Figure
1). No further treatment was initiated in patients 3 and 4 because
of a quick recovery of the platelet counts that increased to 23 3

109/L and 98 3 109/L after 4 and 6 days, respectively. Patients 3
and 4 were discharged for outpatient follow-up with a steroid
reduction plan. Intravenous immunoglobulin (IVIG) was adminis-
tered to patients 1 (0.4 g/kg) and 2 (1 g/kg) (Figure 1). Patient 2
did not respond, so dexamethasone (40 mg) was initiated for 7
more days. Platelet counts increased in patients 1 (142 3 109/L)
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